16 (a) 


Meniam s — Lier Planan kinetics. 


Moment of inentia p can he calculated for any point j 
but i and L ane the most useful 


PE» mer (fr individual particles) 


or Leid (for a continuous mass ) 


where r is the distance from P to each bit of mass 


mR” (thin ring of radius R) 


mR-/2 (solid Mak of radius R) 
mL*/n^ (thin stick of length E 


Note formula for J, is of the form (mass) (cx Length” ) 


lc = (mass) ( r2 ) 


hv = r2 > k= 


Vr? = radius of qyration 


k for a ring =R 
d for o. wtiform dish = RAT 


k for a thin stick. = L As 


2.6 (b) 


Fa. 
nd m= bka m^ 
R - 01b m |a =991m/s* 
uniform disk 
F=-201 Newtons E NE BJ 
py 
" Draw FBD D 
(0, & Dy are unknown ) y 
los 
208S—————c 
[^ 
2] 2 M, 7 WE which HE 
ZM = Le 


L = A, mR” = (sU) (0.4). = 0.0768 kam" 


L use poaallel axis theorem: 


~ 1, = Rat + mR” lw 
1, = (25 )(bka o.16 mele)" = 0.23 ham" 
ETE E 


o > — (20 n)(o.32 meteng = 0.23 x 


m 
= 2 SS 77 es 


26 (c) 


IS am 


Considen the case ot a solis wheel eo. 
rolling wheek, e? 


JON 
Find o 


\/ Draw o FBD 
select axes 


L[ There is no fired axis 
GH =], 4 


but we don't know static friction forte Friction 


3) Solution : In annal, we Can replace 
the FBD with an equivalent, simplen one. 
whene Fe = >F 


END (Mig 


d =M, = 1,4 +) 
From the 
simplified FRD =Mp = He. jT (F Lal 
La Hm ma, R 
=] + (m(&R)(R) 
= (I, + mr’) & 
> Me = Ip & 
not slippin d 
5/ => For the spocial case of a wheel. rolling. on S 


non- a ccelenalinc suface (such as the around), 
j whee P is the contact point 


24 (4) 
Ee Spool with inner hub £^ 4 


Given: 


m= 60 ka 
k= 0.5m 

Riner = Q.0Hm 
V, = 0 


How for will spool coll in 20 m Pi 
H 


FBD , Coordinate system, rotakion dap 


Uncertain about Friction direction ' we 


=» Assume d istve x. 


2] No fixed axis 


= use oF = m a. 
=M, = lg x 
Iv. 


L 


(ma) (Riner sing) = (Ia +m R ner Je 


E 
R inner Sin 8 
m V + m MN 


(6o)(2-81) (0.04. sin ss") = L Ltaosw) + ( boka ) (0-04 ml x 


—2 
h 


24 (e) 
d, = « Rinne, = (0-48 s*)(o.04m) 
d, = 0-0/92 m/s” 


All fores ane constant 


met accelenation is constant 


o 
ep: AS = x + Bar” . d 
= (1/2) (0.0192 m/s” (20 S) 


AS = 3-8H Mm 


Friction i 


— (Friction) (Ri aner) = [nk a 
— (friction) (0.04 m) = (boka (os? loug s+) 


friction = —180 Newtons 


or 60 60 0-012327 


Z F-2m(a), zë Friction + D Gin e = An 


friction = —180 Newtons 


2b (P) 
Kinetics of a Rolling Wheel 


Consider a wheel (uniform disk) of mass m and radius R rolling without slipping due to the force P applied in 3 
different locations. Find the friction force and (ac). in each of the following three cases. As we are unsure of the 
direction of the friction, we assume it is in the positive x-direction. Note there is no fixed axis, so we consider 
moments about the center of gravity. 


(a) 


XYE-2m(agj, = P+ friction = mag) 


y 
| m YMg = Iga =  -(friction)(R) = 5 mR? a 


X 
Kinematic relationship for a rolling wheel: (ag), = Ra 
P 
3 eqns, 3 unknowns: friction = -P/3; (ag) = 2P/(3m) ; « = S — 
friction OR: For a rolling wheel, take sum of moments at point C: 
4 UMc = a => PR= mR a >|a= t= 
| E r.c 2 3 mR 


XE-m(ag, = P+ friction = mlag)x 
XM; Iça =  (P)(R)—(friction)(R) = 5 mR? a 


Kinematic relationship: (ag), = Ra 


3 eqns, 3 unknowns: | friction = P/3; (ac), =4P/(3m); @ = 
friction 3 mR 
— > 


OR: For a rolling wheel, take sum of moments at point C: 


Maer lca => 2PR = = MR a > (a = 


4 P 
3 MR 


XE-2m(agj, = P+ friction = mag), 
EM. deu > NIE — (friction)(R) = 5 mR? a 


Kinematic relationship: (ag), = Ra 


3 eqns in 3 unknowns: | friction = 0; (ag), =P/m; @ = — 


OR: For a rolling wheel, take sum of moments at point C: 


XMc-2 Ica = =PR= = mR? a >) a= — 


Es 
Given: 
AB is ous m ake 
CD is 0.5 M, “ka 
Find G à 


) G 


* Lets try to avoid Eqn (i), as we don know O 


x Uy 


> Let use Eqn a to ahh -— Ze 


c 24 (h) 


K m LL Le T T 
=| ia E el" |. + Lin ef + md” | 


J, B Romy Lokale usm + Us ha) (=) | + 


L Q2) (4ka)(o.bm)” + ak) o. (o-4xw)^. | 


T 4 
Oy (7)(4-81) 


5 


0.45 


2 My = = Re) d edis. n GXe-e)U z^") + lag age) | 


2M = Lz 
el 
-243 = Müsa > 


21.4 0354 
= = -] x ) 
dg = vir, C1) CEA H 


d, = —759 m/s” 5 


25 (4) 


Summany 


r Equations for LD kinetics 


y SF = 
2 SH: 
A SMe = 4 
4/ > Mp lp x 3 for rolling wheel 
AN E. mk" , kh 2 radius of gyration 
e m ~ [. E mre j ponallel axis theorem: 
. Next Leckune ` 


8 Adwanced 2D Kinetics Sample problems 


Review Meram Sechons eli — (e: 


